Abstract-To address the coordination issue of sensors communicating with a fusion center, we propose a spreading sequence based non-coherent detection scheme for sensor networks to reduce the coordination between sensors to the largest extent. In this scheme, sensors employ independent spreading sequences to transmit their measurements. Non-coherent detection is conducted at the fusion center where only statistics regarding channel gains and sensor measurement uncertainties are needed. To evaluate the detector's performance, we first derive the large deviation exponents of detection error probabilities and then compare them with the approaches assuming orthogonal channel allocation (e.g.TDMA/FDMA). Numerical and simulation results demonstrate the dependence of large deviation exponent on the asymptotic number of sensors per chip (defined as c), as well as the better performance of our proposed scheme than the one using non-coherent detection with orthogonal link, for some c.
I. INTRODUCTION
In this paper, we are mainly concerned with how to effectively send data from a set of sensor nodes to a fusion center via a one-hop network. In particular, we are interested in how to reduce the coordination among sensor nodes to the minimum and how fusion performance in terms of binary detection error probability varies with respect to the size of sensornet as a consequence of such reduced coordinations.
In a one-hop sensor network for data fusion, the conventional wisdom was the measured data from each sensor is immediately available at the fusion center. This holds when sensors are traditional radars and a wired link exists between each front end radar and the fusion center. One step further to a more realistic scenario for sensornet with large amount of sensors is to allow orthogonal channel allocation such that signals sent by each sensor go through independent and orthogonal wireless links (e.g. TDMA, FDMA), where distortion and interference are possibly introduced, to the fusion center [l] , [2] . However, we can foresee that coordination and resulting overheads are overwhelming in order to achieve exact orthogonalization in large scale sensor networks.
Recently, A. Anandkumar and L. Tong [3] 
the decision at the fusion center is 0 = 01; and 0 = 00, otherwise.
IV. ERROR EXPONENT OF DETECTION ERROR PROBABILITY
In this section, we study the asymptotic scaling law of detection error probability PF (N, K) = Pr [ [7] . Actually, we have to employ the asymptotic expansion of integrals [11] to expand (7) [5] [5] . We first compute the conditional mean of ON,i(t)
given Ck,j, hk and Xk, which can be done by exploiting the characteristic function of Chi-square random variables [9] . In the second step, the condition on the random spreading sequences {Ck,j} is taken away by utilizing the characteristic function of Wishart distribution [10, pp. (6) over the joint distribution of hk, Xk,k = 1,... ,K. Since our ultimate objective is to compute the free energy function y,i (t), i.e. the limit of i In N,i (t) as N, K -+ oc, we can use the similar argument in proving Varadhan's Theorem [7] to compute this asymptotic integral. Denote z 1 lhkXk 12 K. The expectation of As a consequence, y,yi (t) = ln( -2to2 ) +q (t). Having obtained qy,i(t), we can thereafter calculate the conjugate function lyj,(z) of the free energy function Oy,j(t) in (4), which enables us to obtain the scaling law of detection error probabilities as shown in (5 The supremum is achieved by making t = 2(+CbA) which then yields (l1). 
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We should make a remark here that although Theorem 1 is based upon a first order approximation, the error exponent in (10) (15) Proof The proof is straightforwa'ard using Cramer Theorem [5] , [7] . U In Figure 1 (b), we present numerical results for I(A) in (15) and I(A) C in (11) , respectively. In Figure 1 (a) are the simulation results on false alarm probability (PF) versus K for different coefficients c. We can see there exists an optimal c, the number of users/per degree of freedom, to maximize (A) IY,0.
More importantly, non-coherent detection using spreading sequences to transmit analog data could yield even smaller PF than that for the non-coherent detection with complete orthogonalization for some c > 1.
VI. CONCLUSION
We have proposed a novel spreading sequence based noncoherent data fusion scheme for one-hop wireless sensor networks. Large deviation exponents are derived for the detection error probabilities as the number of sensors K and the length of spreading sequences N grow to infinity. Numerical results demonstrate the relationship between error exponent and c i1K,Noo KIN.
Due to the space limitation, we restrict ourselves in this paper to the case where Gaussian spreading sequences are used for each sensor's transmission. More general results regarding cases with non-Gaussian random sequences are also available in [5] . We also have investigated the fundamental difference between analog transmission (Case A) and localbinary transmission (Case B) in terms of error exponent, as well as the performance loss as a consequence of non-coherent detection as compared with the coherent case, which will be presented in our future work [5] . 
